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PREFACE    . 

With   the  wider  application   of   ar- 
tificial lighting,   due   to    its   appreciated 
worth,   more  efficient    lighting   installa- 
tions  are  in  demand.  At  present    the 
tendency  is    for  more  foot -candles   of   il- 
lumination.           These  conditions   recuire 
refinements,    #iich  were  formerly  considered 
unimportant;   the   selection  and   spacing    of 
lighting   units,    coefficient    of  utilization, 
depreciation   of  the    system   and   other  fac- 
tors which  influence   tiB   efficiency   of   the 
installation  must  he    handled  with  greater 
consideration  of   the  req.uireinents   of  the 
individual  system.            To   take    the   essen- 
tial  factors    into  account    has  appeared  so 

complicated  to  most  designers,   that  general 
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systems  were  used,    \Thich,  while    satisfac- 
tory in  some    instances,  were  inadeauate 
in  others. 

In  the  discussion  of   this  thesis, 
methods    of  design  are   outlined,    which    take 
into   account    the   technical   requirements 
which  come   up  in  every   installation. 


STORE  LIGHTING. 

To  generalize,   we  may  say   that 
store  lighting  should  "be    of   high  enough 
intensity  for   convenience   to    the    custom- 
er and   of   such  design  that   it    is    econ- 
omical to   operate.  In  order  that  the 
stores  would  be   representative   of   con- 
ditions  in  most  any  city,   stores   of  like 
clmracter  and   local    conditions   were    con- 
sidered.           This   necessitated  going  out- 
side  of  the  loop,   hecause   the   loop   stores 
are    considered  higher-grade  establishments 
and   not   representative   of  general   condi- 
tions.           Business   sections    on  the   llorth, 
West  and   South  sides   of  like   conditions 
were  decided  upon.           An  eaual  percentage 
of  each  grade   in  each   locality  was  visited. 


It  was   necessary  to  Yisit   over  a  thou- 
sand  establishments  "before   satisfactory 
data  could  "be    obtained. 

The    stores  visited   cone  under  the 
following   classification: 

Candies  Restaurants 

Dry  Goods  Groceries 

Bakeries  Furniture 

Tailors  Drugs 

Meat  Markets  Cigars 

This  surrey  shows  that  a  very  small 
percentage,    namely  28fj,    have   an  intensity 
greater   than   5   foot-candles  and   only   6fo 
have  intensities  ranging   from  8   to   IS   foot- 
candles.  These   figures   show  that    only 
6fo  of  the   stores   in  the  country  have  proper 
lighting   at  tlie    present   time. 


The   survey  also   shows  that    59 fo  of 
the   installations  are   direct  lighting   and 
even  2,'5fo  were   using  bare  lamps,  41^  of 

the   stores   are  using  Mazda  "C"   lamps,    while 
14:fo  are   still   using  Mazda  "B"   lamps  .        TMs 
showw  that   the    store   ovmers   are  awake    to 
the    efficiency  of  the   system,    as  far  as 
"bulhs   are    concerned. 

The   maintenance    of  the   systems  was 
very  poor,  Eq.uipment ,    such  as  the 

glassware,    deteriorates  very  gradually  hy 
the  accumulation  of  dust,   and  the   loss    of 
efficiency   is  not  quickly  noticeable. 
The   loss  is,    of   course,   due    to   dust    and 
grease,    depends  upon  the   local    conditions 
and  the   freauency  of  cleaning.  Average 

owners   considered   their   systems  in  first 
class    condition,    even   vAien  they  had  not 
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teen  cleaned  for   some    time.  Tests 

made  "before  and  after  cleaning  showed 
that  a  loss  of  from  35  to  40^  was  due 
to  the  accumulation  of  dust  and  grease. 
V/e  have  seen  how  these  stores  are 
lighted  and  systems  maintained  and  will 
now  see  how  this  practice  compares  with 
the  accepted  standards.  Efficiency 

is   the    first  r e qui  reman  t  of  a   lighting 
system  for  the    usual  small    store. 
The   fixtures  may  he    of   a  very  simple    de- 
sign,  hut   the    intensity  must  "be    high  to 
provide  convenience  for    customers  and  at- 
tractive advertising.  Consequently, 
direct  lighting,,  with   open    reflectors   of 
the   prismatic   or  dense-opal  type,    or  with 
a   good   type   of    semi-enclosing  unit,    is,   as 
a  rule,   most  applicable ,   although  often  the 
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.installation  of  an   inexpensive'  semi- 
indirect   or  enclosing  unit    is'  preferable. 

In  locations  where   open  reflectors 
would   cause  annoying   glare,    semi-enclos- 
ing units  possess  an  advantage  over  open 
reflectors   in  that   they  diffuse   the  light 
from  the   filament    over  a  comparatively 
large   area;    hence  they  may  be   used  with 
any  size    of  lamps.  They  possess  an 

advantage   over   opal    enclosing  units   in 
that   they  distribute   light  in  much  the 
same  way  as  a  dense   opal   open   reflector 
and  are,    therefore,    less   dependent  for 
their    efficiency  upon   the   finish  of  the 
walls   and   ceiling. 

A  mistake  which  is   common  in  small 
store  lighting  is   the    installation  of  a 
single   row   of  direct  lighting  reflectors 
along  the   center   of  the    store,   v/here   at 


least   two    rows   of    smaller  units   should 

"be    used  to  prevent   the    customer's   shadow 

from  interfering  vd  th   his   examination   of 

the   wares,    and   to   illuminate  tlie    shelYing 

or  high  cases  along  the  side  walls. 

A  single   row   of  semi-indirect   or  enclosing 

units   is,    however,    usually  satisfactory. 

In   jewelry  stores   an  exception  may  "be   made 

to   the    use   of  the   bowl   frosted  lamps   with 

open  reflectors,    .vhere  brilliant   reflections 

in  gems  and  cut    glass  may   he   desirable  . 

The   units  should,    however,    be    placed  well 

above   the   usual  line    of  vision  to  avoid 

glare . 

A  lighting  installation  serves,    in 

general,   two  purposes: 

First:        It  permits  the  merchandise   to  be 

examined  mth  comfort. 

Secorji:      It   advertises   the   store, 
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As  good   illumination   is    an  advertising 
asset   of  relatively  low  expense,    intensi- 
ties  higher  than  those   needed  for  comfort 
are  demanded.  Reouired  intensities  are, 

of  course,    dependent  upon  the   nature    of 
the   mercha.ndise,   dark  goods  requieing   high- 
er values   of   intensity.     In  the   hack   of 
this   report   a  tahle    is   submitted  v/hich 
gives  the   intensities   recommended  "by  the 
national   Electric  Light  Association. 
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FACTORY  LIGHTING. 

factory  lighting  presents    one    of 
the   most  important   and   difficult  prohlems 
in  lighting  engineering.  It   is   only 

recently  that,    thro\:^h  extensive   experi- 
mentation,  sane   nnnufacturer s  have   come 
to  realize   the   full  value   of  the    effect 
of  light  intensity   on  production. 

It  was    found,    in  the   tests  made, 
that,    in  general,    the   lighting  in  fac- 
tories was   insufficient.  Each  v;orker 
was  without  light    of  high  enough  intensi- 
ty upon  his  work,   much  floor   space  was 
found  not  being  used  to  the   greatest  ex- 
tent,  because  of  poor  distribution,    and 
many  shadows   were   in  evidence,    which  re- 
duce production. 

To  give  each    and    every    factory  the 
best  and   most   efficient  lighting   system. 


the   requirements  for  good   illumination 
must   "be   thoroughly  understood  and    care 
must   "be   taken  in  applying  these   require- 
ments  to    each   t^'-pe    of  factory. 

There  are  four  requirements  which 
must   "be    met  in  the   design   of  a   satis- 
factory lighting  installation.      They  are: 
First:  Sufficient   light    of   the   proper 

quality   on  the  work. 

Second:        A  moderate   intensity   of  light 
over  the    surrounding  area  and   on  the   v;alls 
Third:  Absence   of  glare. 

Fourth:        A   system  which   is    simple,   reli- 
able,   easy  of  maintenance  and  low  in  op- 
erating cost . 

The   most   important    requirement   for 
satisfactoiy  illumination  is    that   the 
quantity  of   light   on  the  work  be   suffi- 
cient. It   is  becaning  a   practice  now 
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t-o  better  tlie    lighting  facilities   along 
with  other   improvements   in   factories    ' 
for  the  purpose    of  decreasing  the   unit 
cost   of  production  to  a  minimiun. 
However,     from  an  economic   standpoint, 
it    is  very  difficult,    if  not   impossi- 
ble,   to    determine  the    proper  intensity 
of  light   for  a  given   class   of   ^rork. 
This   intensity  depends  upon   the   cost 
of  producing  light,    the   number  and  wages 
of   the   en5ployees   and  the  value    of  their 
output,   as  well  as  upon  the   nature  and 
fineness   of  the    vrork  and    the  possible 
reduction  in   spoilage.  Because   of 

the    great   difficulty   of  determining 
the  value   of   each  of  these  quantities, 
estimates   of    the   intensity  of  light 
require:,  for  a   specific   class   of  work 


l\ave  usually  b4en  "based  on   other  than 
economic    considerations. 

It  is   unnecessary  to    state  that 
the  intensity   at  any  place   in  a   factory 
should   never  fall   so  low  that   accidents 
may  "be    caused   thereby.  From  a  stand- 

point  of  safety  to  employees  alone , 
,25  foot -candles  may   he    used  as   fhe   lowest 
value  permissible   in  a  factory. 

The   upper  limit   has  been   estimated 
to  be   between   50   -  100  foot- candle s . 
Illumination  of    sach  very  high  intensity 
is  sometimes   required  for   operations  in- 
volving fine  detail,    rapidly  moving  ma- 
chinery  and  black  surfaces,   such,   for 
example,    as  are  common  in  the    shoe  in- 
dustry. The    necesary  volume    of  inci- 
dent  light    will    depend   upon  the   co- 
efficient   of  reflection  of  the    object   il- 


luminated,   but  even  for  fine  work  on 
very  dark  goods,    intensities   of  the    order 
of  those    stated  above  are  considered   sat- 
isfactoiy.  Such  intense   illumination 

is   ordinarily  recLuired  over   only  a  limit- 
ed area  and  so   can  best  be  supplied  by 
placing  a  small  lamp  with  a   reflector 
close  to    the  work. 

Although    .25  -  100  foot-candles 
msy  be    considered  the    range    of  light   in- 
tensity  for  the    various    types   of  factories, 
yet  most    of  the   present    installations  v;ill 
fall  between  1  and   6  foot-candles. 
There  are  niomerous    tables   published  that 
designate  the  proper   intensity  of  illumi- 
nation for   various   classes   of  work,    but 
this   intensity   is   dependent    so  largely 
upon  the   nature  and  distribution  of  the 
lighting  units  and   upon  local   conditions 


and    the   work  to   be  done,   that   such 
tables  should  be    used  with   caution. 
Also,   as   has  been   stated  before,    such 
estimates  are,   at   best,    based  merely  on 
what   is  now  considered  good  practice  in 
plants  v/here   illumination  tests   have 
been  conducted.  As   a  matter  of  fact, 

the   cost    of  adequate   illumination  for   an 
industrial  plant  is  so   low  in  comparison 
with   the   value    of  the    output  dependent 
upon  it,    that    in  many   cases   intensities 
considerably  higher  than   those   now  sup- 
plied will   be  found  profitable. 

It  is  very  essential   that    there   be 
sufficient   units  supplying  light    from 
many  directions   to   give    satisfactoiy 
lighting  from  a  general    overhead   system. 
For,    if    a  unit   should   burn   out,    or   the 
light  from  a  lomp  should  be   interce-nted 


either  by  the   operator's  body   or  parts 
of  machinery,   the    resulting   decrease  in 
intensity  must  not  be    serious.  In  an 

installation  of  few  large  units,   shadows 
are  likely  to   be   pronounced,   and   then, 
too,   therg   is  a  very  decided  decrease  in 
illumination  when    one  lamp  is   extinguished, 
and   because   of   this,    the    time    of  many  v/ork- 
men  may  be    lost.  A  smaller  unit   will 

afreet  a  smaller  area,    and  this   area  to   a 
lesser  degree.  These  are  the   require- 

ments to   get  good   diffusion. 

Uniformity   of   illumination  is   also 
a   result    of  having  a  larger  number   of  units 
over   an  eara.  It  is    impracticable   even  to 

approach  uniformity   of  illumination  where 
the  distance  between  units   is   greater  than 
twice   their  height    above   the  work;    one   and 
one-half  times  this   height   is  a  more  satis- 


f.actory  ratio.  For   a  given  mounting 

height,   the    allowable    spacing   of  units 
is   constant   and   independent    of  their 
candle-power.  It   can  "be    seen  from  the 

reasons  given  abovem  that   an  illumination 
consisting  of   a  large   number   of  units   of 
low  intensity   will  usually  prove  more 
satisfactory,    and  in  the    end  more  econom- 
ical,   than    one    of  few  units   of  high  in- 
tensity . 

Another  reauirement    of  importance 
is   steadiness   of  the   light   source. 
The    importance    of  a   steady  light    can  he 
brought   out   by  an  illustration.  If 

you  leave   a  dark   room  and  go  into  bright 
sunshine,   the    sensation  is    unpleasant   to 
the  eye;        if  you  use  a   light    that   flickers, 
you  get   this   same    unpleasant    sensation,    but 
many  more   times  per  minute.  The   eye 


tries  to    adjust  itself  to   suit    the   light, 
so  if  the   light    flickers,    it   keeps   the 
iris   of  the   eye    sea- sawing  "back  and   forth 
and  the   muscle    that    governs  it   gets   tired 
and   reacts   on  the    nerve   to    cause  pain. 

In  seme   manufacturing  processes 
color   distinctions   are   an  aid   to   vision, 
and  even  a  necessity.  The    appearance 

of  the   sun  on  a   smoky  or   foggy   day   illus- 
trates the   fact   that   light    of  the    longer 
wave  lengths    -   that  is,    toward  the   red 
end   of  the    spectrum  -   is   particularly 
effective   in  penetrating  smoke   and   steam. 
The   spectral    character  of  the   light  is 
also  important,   "because  of  its   effect 
upon  the    operatives.  The   mellow  light 

of  the    yellow  and  red  rays   is   stimulating; 
it   promotes   activity   and   is    conducive   to 
a  cheerful   state   of  mind. 


In  any  particular   factory  lighting 
system,    the   adjacent    objects   and   shafts 
and.  belting,   as  well  as  the  walls   and 
ceiling,    should   be    provided  vath  a   certain 
amount    of   light.  In  seme   shops  the    in- 

tensity is    so   low,    except   at   a   few  points, 
that   it   is   hard  to    see   one ' s  way   about 
the  place.  Lighting  of   this   kind   is 

not    only  insufficient   from  a  standpoint 
of   safety,   but   also  strains  the   eye. 
If   just   txhe   work  is    highly  illuminated, 
and    the    rest   of   the   shop   is   in   compara  - 
tive   darkness,    the   uneven  intensity  en- 
countered by  tlie    eye   causes   the    same   tir- 
ing   effect   as  that    of  a   flickering  light 
source. 

From  the   psychological    standpoint, 
bright   walls  and   ceiling  lend  an  air   of 
cheerfulness  and  vade-av;alveness   to  a   room. 


which  is  wanting  where  the  work  only  is 
iliumina ted.  If,   as   in  a   cotton  or   a 

paper  mill,    the  materials    are    of   such  a 
color  that   they  will  reflect  a  large  pro- 
portion of  the    light    incident   upon   them, 
the   resulting   illumination  received  on 
the  walls  and    ceiling  will  be    sufficient 
to    obviate    any  appearance    of  gloom. 
If,    on  the    other  hand,   the  working  surface 
is  too  dark  to  reflect   much   light,   it   may 
be  taken   care   of  by  placing  a  few  units 
so   tliey  V'Jill   illuminate  the   vvalls   and 
ceiling.  Units    of  this   kind  would 

have   to    Ge   placed  close  to   the    ceiling 
and  enclosed  in  diffusing  envelopes. 
To   keep    the   wall's   and  ceilings    of  a  plant 
well  white- washed  will    add  materially  to 
the    appearance   of   the   shop   and  also  in- 
crease the   efficiency  of  the   lighting  in- 
stallation. 


Glare  may  be   said  to  "be    "light    out 
of  place."         Any  surface  that   is  in  the 
fiela    of  vision  and    is  hri£-hter  than  an 
object   to   be   viewed,   v;ill   reduce   the    abili- 
ty  of   the    eye    to  distinguish  the    object. 
Glare   is   not   necessarily  produced  by  a 
light    source,   but   any  highly  polished   ob- 
ject,   or,    in  fact,    any  brightly  illumina- 
ted surface  that    falls   in   the   line    of 
vision. 

Through   investigation,    it   v;as  found 
that   the   extent    the  vision  was  impaired  by 
glare  depends,    primarily,  upon  the  total 
q^uantity   of  light   received  by  the   eye   di- 
rectly from  the    source,    rather  than  upon 
the  brilliancy;    therefore,    the   distance 
between  the   eye    and  the    source   is    of  im- 
portance. If  the    candle -pov;er  per  unit 
area  is   low,    the   effect   of  glare  usually 
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disappears  very  soon  after  the   cause   is 
removed.  If,    however,   the    source   is 

one    of  high   candle-pov;er  per  unit  area, 
such   as  the    filament    of   a  Mazda  lamp,    or 
the    crater  of  an  arc,   it  may  not    only  de- 
crease  the   ability  to   see   during  its 
presence  within  the   field  of  vision,   but 
will  also  tire   or  permanently  injure   the 
eye.  The   distance   betv/een  the   eye   and 

the   light   source,   and   tlie   brightness   of 
the  background  against  which  the    source 
is   viev;ed,   detennines,    to  a  great  extent, 
the   injury  caused  by  the    latter  e fleet. 

To  avoid  the    objectionable  aspects 
of  glare,    the   lighting  system  should  be 
designed  in  correspondence  with   the  fol- 
lowing  requirements: 

First:  No   source    of  light    of  high  in- 

tensity  should  be  located   so  that   it   can 


"be  readily  seen    ,    except  at  a  consider- 
able  distance.  In  cases   where  it   is 
impossible  to    screen  the    source   entirely, 
the   presence   of  a  brightly  lighted  back- 
ground,  such   as  the    surface    of   a  reflect- 
or, will    considerably  diminish  the   harm- 
ful effect. 

Second:        "Eo   considerable  amount    of  light, 
even    from  a  well  diffused  source,    should  be 
allowed  to   enter  the    eye   directly  when   it 
is   focused  on  tlie  work;    this   usually  re- 
quires thp-t   no  light  source,    unless  remote, 
be  visible  when  the   head  is   inclined  toward 
the  working  surface. 

Third:  It   is   desirable    that   the    area  with- 

in the    field   of  vision  be    uniformly  illumin- 
ated;   at  least,   the   brightness   of  any  portion 
of   this  area  should   not   be  materially  greater 
than  that    of  the    object   under  observation. 


Foiirth:        Specular  reflection  should   "be 
guarded  against,    so   far    as   possible. 
^JThere  the    position  of    objects  worked  up- 
on is  fixed,   and    the   greater  portion  of 
the  work  is  in  one   plane,   lamps  can  he 
so  placed  as  to  avoid   specular  reflection 
in  the   direction  of  the    eye.  In  the 

majority  of  operations   in  industrial 
plants,    however,    such  corjditions   do   not 
exist  and   one   should   direct  his   efforts 
toward  producing   conditions  which  will 
allov/   the    operator   readily  to   shift   his 
position  in  such  a  manner   that   direct 
reflection   cannot  reach  the   eye. 

In   order  to  get  some  first-hand   in- 
formation on  a  recent   installation,    an  ap- 
pointment v;as  made   to   test  the   Kilhourne 
Ave.   Shops    of  Alfred  Decker  Cohn  Co, 

The    installation  at   this   plant    consists 
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-of  a  general    system,    aided  ty  local    fix- 
tures. The   layout  is   as  given  in  blue- 
print, which  is  found  in  the   back   of   this 
report.         All   overhead  fixtures   are   steel 
enameled  reflectors,    fitted  with   frosted 
Mazda  "C"   lamps.  As  an   outgrowth  of 
old  systems,   workers  dem.anded  local    fix- 
tures for  close  work,    such -as   on  sewing 
machines,    etc.            These   fixtures  are   not 
a  necessity,    from  the    standpoint    of  illu- 
mination,  but   are   required  because   of  labor 
contracts   to    which   the    company  is  a  party. 

The   units  were   spaced   in  such  a  v/ay 
as   to   prevent   shadows,   v/hihh  would  be   ob- 
jectionable in  this  kind  of  work.         At 
the    same  time,   a   uniform  intensily   was   ob- 
tained. Tests   made   in   these  shops 
proved  this,   and    showed  an  average  intensi- 
ty of  over   eleven   foot-candles. 


STEPS   IN  THE  DESIGN  OF  A  LIGHT IITG   SYSTEM* 

The    four   steps  to   "be    carried  out  in 
the   design  of   a  general  lighting  system  for 
a  room  are: 

1.  Decide  the    foot -candle   illumina- 
tion required, 

2.  Select  the  type    of  lighting  unit 
best  adapted  to    the    location. 

3.  Determine   the   location   of   outlets, 
the   mounting   height    and  number  of 
lighting  uni  ts   required. 

4.  Ascertain  the   size   of  Mazda  lamp 
which  v;ill   provide  the   foot-cand- 
les  desired. 

1,  FOOT -CANDLE   ILLIUHNATION  . 

Tahle  1  lists  the  foot- candle  values, 
corresrponding  to  present  standards,  for  dif- 
ferent classes  of  industrial  operations,  of- 
fices, stores,  factories,  etc.  The  desir- 
able illumination  varies  rather  widely,  de- 
pending on   the   conditions  in  any  particular 
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installation,    such  as  the   accuracy  of  the 
operation   and   fineness   of  detail  to  "be    olb- 
served,   the    color   of  goods  worked  on   or. 
handled  and,    in  case   of    stores,    the    adver- 
tising value   resulting  from  the   attractive- 
ness  of   a  well-lighted  interior.  The 
foot -candle   values  recommended  in  the    table 
are  the   mimiraum  to   be   adhered  to,   if  fully 
satisfactory  lighting  is  to   be   assured. 
Under  particular   conditions,    considerably 
higher  illumins-tion  is   often  desirable- 

2.  TYPE   OF  LIGHTING  UlTIT  . 

The    sele6tion   of  the  type    of  lighting 
unit  depends  not   only  upon  the   requirements 
of  the   work,    but   in  some    cases  upon  the 
construction  of  the   room  and    the    color  of 
the   ceilings  and  walls*  For  example, 

semi    and  totally  indirect  lighting  is  un- 
suited  to  rooms   with  very  dark  ceilings. 
It   is   important   to  specify  the   type   of 
lamp  to   be   used,    since,    for  example,   bowl 


enameled  lamps   used   in   open   reflectors, 
such  as  R  L  1,1  standard  domes,    form   a  much 
superior   lighting  unit,   from  the   standpoint 
of  glare,    reflected  glare,   and    shadows,    than 
clear   lamp  units   of  the    same   type.  In 

general,    clear  Kagda  "C"   lamps    should  not 
he   used  in   open  reflectors  where  the   mounting 
height    is    less   than   £0  feet . 

Other  factors  may  enter  into   the 
choice    of   the   lighting   unit    in  certain  in- 
stances.    For  example,    in  stores,    offices 
and    other  public   installations,    decorative 
effect  is   often   an  important  item, 

3.  LOCATION   OF    OUTLETS,   MOUITTING . 

HEIGKT,   ALT)  ITmOER   OF   LIGIITIITG   UlIITS. 

Ma2<:e  a  diagram  to   scale    of  the   floor 
area  of  the    room.  If  the    units  are  of 

semi    or  totally  indirect  type,    measure  the 
ceiling   hei  ^t   of  room  and    refer   to   tahle  2 
for    the   permissible  spacing   of  units   and  pre- 
ferred suspension  distance   of  lighting   units 


•corrp.sponiing  to   this    ceiling  height. 

If  the    units  are   of  the   direct   light- 
ing type,    determine  the   mounting  height  and 
refer  to    table  3   for  the    permissible   spacing 
corresponding  to    this   mounting   height.      If 
the   units   are  mounted  as   close   to    the    ceil- 
ing as   possible    (a  minimum  allowance   of   one 
foot   is   usually   necessary   to   provide  for   the 
drop   of   tlTe   reflector  from  the    ceiling)    a 
v/ider   spacing  is   permissible  and   fewer 
units   are,    therefore,    necessary  for   an  even 
distribution   of  light.  Considerations 

of   shadows,   appearance  and  arrangement    of 
work  may  malce    a  lesser  mounting  height    de- 
sirable,   even   though  a    closer  spacing   of 
outlets  would   be   needed   to   keep  the   same 
uniformity  of  illumination.  Ordinarily, 

lan5)S   should   not    be   mounted  less  than  10 
feet  above   the    floor,    unless  a  low  ceiling 
makes   i.t  necessary, 
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Having  determined  the   penmissible 
spacing,   proceed  to  locate   the    outlets   on 
the  diagraii   of  the   floor  area.  Locate 

the   units  as  nearly  symmetrically  as   possi- 
ble,  without   appreciably  exceeding    the   per- 
missible   spacing   for  unifonn  illumination. 
At   a  greater  height,    a   spacing    closer  than 
that    in  tables  2  and   3  results   in  greater 
freedom  from  shadows,   but   increases   tlie 
number  of   units   required  and  makes  the   in- 
stsClation  cost  more.  If  a  spacing   some- 

what   closer  than  the   permissible  value  is 
adopted,   as   is    often  the   case,   it    is   allow- 
able,   "though  not   necessary,    to  refer  back 
to   tables  2   and  3   and   select  a  lower  mount- 
ing  height,    corresponding  to   the    new  spacing. 
The   distance   between  the    outside   row   of   nut- 
lets  and   the    wall  should   not  exceed   one-half 
the   spacing  distance.  For   office   spaces, 

or  where  work  is    carried  on  at  benches   or 


machines  near   tfliie  wall,   this  distance   should 
he    approximately  one- third  the   spacing  dis- 
tance • 

4.  LAl,^'  SIZE. 

After   the   outlets   have    been  located  on 
the   plan,    tlie   lamp   size  to    be   used  must  be   de- 
termined hy  the   follov/ing   calculation: 

,    X  Area  in  Sq.,   ?t ,   _   Total  Floor  Area  in  Sc  .   Ft. 
^^'        per  Outlet  ~  llumher  of  Outlets 

Lamp  Lumens  Foot-Gandles   x  Deprec'n  Factor 

(b)  required  per  =        Coefficient    of  TTtilization 
Square   Foot 

Lamp  Lumens  Area  in  Sq,   Ft,     Lamp  Lumens   re- 

(c)  required  per  =       per  Outlet       x  ouired  per  Sq. 

Outlet  (from   (a)    )  Ft.    (from   (b)) 

Foot-Candles:        Illumination  decided  upon. 
Depreciation  Factor:        Safety  factor,    or   allov/- 
ance   for  depreciation,   due    to    aging   of  lamps, 
dirt,    dust   and  deterioration  of   reflecting  value 
of  walls.     Use  1.3   for   fairl:/   clean  locations. 
Use  1.5   for  dirty  locations    or  where    cleaning 
is   infrequent . 


Coeffioient  of   Utilization:        Proportion  of 
the   generated  light    from  tne   lamps,  which 
reaches  the   plane    of  work.  The  determin- 

ation  of  the    coefficient   of  utilization  de- 
pends  upon  color   of  walls  and    ceilings,    etc. 

Having   determined  the  lamp  lumens  re- 
q.uired  per   outlet  by  the   ahove   calculations, 
the  wattage   of  Mazda  lamps  to  "be    used  may- 
be  found   by  reference   to   Tables  which  list 
the  lumen  output   rating   for  each  size    of 
Mazda  and  Mazda  Daylight  lamps.     Locate   in 
this'  Table  the    size    of   lamp   of  the  desired 
type   which  most  nearly  meets  the   require- 
ment  of   lumen    output.  vVhen   the   lamp 
limens   required  fall   nearly  midway  be- 
tween two    sizes,    choose  the   larger  rather 
than  the   smaller,   unless   it   is    certain 
that   the   less   illumination  from  the    smaller 
will   suffice. 
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ILLmilUATIOlT  DESIGN  TOR  A   FACTORY  ROOM 

The    floor  plan   of   the   factory   space 
to  te  lighted  is   60'    x  lEO'    as   shown. 

The  work   carried  on  in  the   room  is 
assemhly  of   sewing  machine    heads. 

Height  from  floor   to  roof   trusses  is 
IE    feet.  I 

The   roof  is    of   sav/tooth  construction 
and    the  walls  and  upper  structure  are   painted 
a  medium  color.         A  considerable   amount    of 
dark  material  is    kept   stacked  a!i.ong  the   walls 
of   the   room. 

Following  tloe  steps  outlined  on  pages 
3  to  5  the  lighting  design  is  determined  as 
followfe: 

1,  FOOT -CANDLE   ILLm:iF' -^lOK 

From  Tahle  /,  Page  ^^,  8  foot-candles 
are  recommended  for  assemhly,   medium  grade, 

2.  TYPE    OF  LIGHTIITG  IBTIT 

Consulting   the   guide  to    the    selection 


of^  Reflecting  Equipment    of   Tatle   1,    Page  10, 
Unit   Wo.   E,    the   RLI,I  dome   with  Td  owl -enameled 
lamp  is   selected,   "based  on   efficiency  and 
favoralDle  showing   from  the   standpoints    of 
glare,    reflected  glare,    shadows   and   main- 
tenance . 

3.  LOCATION   OF   OUTLETS,   IIOUJITITTG  ' 

HEIGHT,    AKD   iraiSER   OF  UlIITS 

The    height    of  the   benches  and   there- 
fore  the   plane   of  work  is    Si'    above   the 
floor.  The   maximum  mounting  height   of 

the   lamps   above   the    floor  is  11'     (12'    height 
from  floor  to  truss  less  1'   allowed  for 
reflector  drop).       Hence,   maximum  mounting 
height    of  units  above  plane   of  work  is   11'  — 
3i'    or  7>:' 

From  Table  E-a  of  Spacing -Mounting 

Height,    Page  IE,    a  7-|'    mounting   height 

above   plane    for  direct   lighting   units   is 

found  to   indicate  a  permissible  spacing  of 
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.approximately  11'   and   since  the    section  of 
the  room  near  the    walls    consists   of  aisles 
ans   storage,    5i'    may  be   allowed  for    the   dis-- 
tance  "between   the   last   low   of   outlets  and 
the   side  walls  , 

Reference    to   floor  plane   of  the    room 
shows  that  a  10'    spacing  each  way    (outside 
units   5'    from  walls)   would   make   a  symmetri- 
cal  layout   in  the   20'    x  30'    bays   and  this 
spacing   is    therefore  adopted.  Outlet  lo- 

cations  for    tlie   entire    space   are  narked  on 
the   plan  as   shown  and    72  are   found   to  he   re- 
q.uired. 
4.  LA1!P   SIZE 

Area  in  Sq.. .Total   Floor  Area  in  So.Ft»   72  00 
(a)        Ft.  per       "number    of   Outlets   in  Room  "   T^   "^00 
Outlet 

Lamp  Lumens  Foot -Candles  x  Teprec'n  Factor_8xl.g0_ 
^^  ^      Per^^S^rFtT       Coefficient    of  Utilization     "    .57    ~^^  '^ 

Area  in  square  feet  per  outlet 100, 

Foot-Candl es 8 . 
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Depreciation  Factor 1.30. 

Coefficient    of  Utilization ^.57. 

Combining    (a)   and.    (b) 

Lamp  Lumens  Area  in         Lamp  Lumens 
(c)        RecLuired     =   Sq.Ft.     x  ReQ.uire(i  perrl00xl8.2  =1820, 
Per   Outlet     Per  Outlet   Square  Foot 

Lumen  Output   of  Mazda  Lamps,   a  150  watt 
Mazda  "C"   lamp   giving  2040  lumens   is   found  to 
most  nearly  meet   the   requirement.  The 

actual    service   illumination  using  this   lamp 
v;ill,    of   course,    be   slightly  greater   than 
originally  designed  for,    or 

2040 


1820 


-X  8   =   8.9   foot-candles 


^0 


TABLE   ITo.  1 

PRESENT  STAl'lDARDS   OF   ILLUIvIIMTIOK FOOT  CANDLES 

Foot-Candles 

Re com-     Under  Some 
mended     Conditions 


Auditorium,    Church  3 

Armory,   Public  Hall  5 

School — Class  Room,  Study  Room, 

Library  8 

Store 

Show  Window  10-70 

First  Floor  Department,    Shop 

on  Bright   Street   Corner  10 

Other  Clothing,  Dry  Goods, 
Haberdashery,  '"illinery, 
Jewelry,   etc.  8 

Other  Drug,   G-rocery,   Meat, 
Bakery,  Book,   Florist,   Fur- 
niture,   Lunch   Room,    Confec- 
tionery,  etc,  6 


E-  4 
3-    6 

5-10 

•  •  •  • 

6-lE 

5-10 


4-   8 


Office 

Private,   General 

10 

6-lS 

drafting  Room 

15 

10-SO 

Industrial 

Aisles,    Stairv/ays,    Passage- 
ways atd    Corridors 

E 

1-  2 

^^ 

5 

3-    6 

8 

5-10 

10 

6-lS 

10-50 

•    •    •   • 

TABLE. No.   1 ---Continued. 

Fog  t- Can dies 

Re com-     Under  Some 
mended     Conditions 

Industrial    (Cont'd) 
Assembling 
Rough 
ITedium 
Fine 
Extra  Fine 

Bakeries  8  5-10 

Boilers,   Engine   Rooms  and  Power 
Houses 

Boilers,    Coal   and   Ash  Hand- 
ling,   Storage  Battery- 
Rooms 

Auxiliary  Equipment,    Oil 
Switches  and  Transformers 

Switch  Boards,  Engines,  Gen- 
erators, Blowers,  Compres- 
sors 

Candy  Making 

Canning   and  Preserving 

Chemical  Works 

Hand  Furnaces,   Boiling  Tanks, 
Stationary  Driers,    Station- 
ary or   Gravity  Crystalliz- 
ing 3  2-4 

Mechanical   Furnaces,    Gener- 
ators and   Stills  ,   ITechan- 
ical  Driers,   Evaporators, 
Filtration,   Mechanical 
Crys  tali  zing.   Bleaching  4  3-6 


3 

£-   4 

5 

3   -6 

6 

4-  8 

8 

5-10 

8 

5-10 

Table   TIo  ,  1 Continued. 

Foot -Candles 


Re com-     Under   Some 
mended     Conditions 


Chemical  Worlds    (Cont'd) 


Tanks  for  Cooking,   Extrac- 
tors,  Percolators,   Nitra- 
te rs.   Electrolytic  Cells  6  4-8 

Clay  Products  and   Cements 

Grinding,   Filter  Presses, 

Kiln  Rooms,  3  2-4 

Molding,    Pressing,   Cleaning 
and  Trimming 

Enameling 

Coloring  and   Glazing 

Cloth  Products 

Light   Goods 

Dark  Goods 

Dairy  Products 

Electric  ITanufact'oring 

Storage  Batteiy,   Molding 

of  Grids  6  4-8 

Coil   and  Armature   »>'inding, 
Ilica  '.Torking,   Insulat- 
ing processes  10  5-  12 


5 

3-   6 

6 

4-   8 

10 

6-  IE 

10 

6-lE 

15 

10-20 

6 

4-   8 

TalDle  ITo.  1 Continued.. 

Foot-Candles 

Recom-     p"nder  Some 
mended     Conditions 

Elevator,    Freight  and  Passenger  5  3-6 

Forge   Shops   and  Welding 


Rough  Forging 

6 

4- 

8 

Fine   Forging  and    iu'elding 

10 

6- 

1£ 

Found  ri  e  s 

Charging  Floor,    Tumbling, 
Cleaning,   Pouring  and 
Shaking   Out 

5 

3- 

6 

Rough  Moulding  and   Core 
llaMng 

6 

4- 

8 

Fine  Molding  and  .Core  Making     10  6-lS 

Glass  Works 

Mix  and  Furnace  Rooms ,    Cast- 
ing and  Lehr  5  3-6 

Grinding,   Glass  Blowing  Ma- 
chines,   Cutting   Glass  to 
Size,    Silvering  8  5-10 

Fine   Grinding,   Polishing, 
Beveling,    Inspecting, 
Etching  and  Decorating  10  6-12 

Glass   Cutting    (cut   Glass), 

Inspecting  fine  10-50  .... 


Table  TTo,  1 Continued. 


Foot-Candles 

Re com-     Under   Some 
mended     Conditions 

Glove  llanuf  acturing 
Light   Goods 

Cutting,   Pressing,    Knitting      8  5-10 

Sorting,    Stitching,    Trim- 
ming and   Inspecting  10  6-12 

Dark  Goods 

Cutting,  Pressing,    Knitting  10  6-12 

Sorting,    Stitching,    Trim- 
ming,  and   Inspecting  llD-50  ...•' 

Eat  Manufacturing 

Dyeing,    Stiffening,   Braiding, 
Cleaning   and  Refining 


Light 
Dark 

6 

10 

4-  8 
6-12 

Forming,    Sizing, 
Flanging,   Fini 

Pouncing, 
shing,    Iron- 

ing 
Light 
Dark 

8 
10 

5-10 
6-12 

Sewing 

Light 
Dark 

10 
10- 

•50 

6-ia 

•  •  •  • 

Ice  Kaking 

Engine  and   Comp lessor  Room  6  4-8 

Inspecting 

Rough  6  4-8 

Medium  *  10  6-12 
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JDable  Ko  .  1 Continued* 


^oot-Candles 

Hecom-     Under  Some 
mended     Conditions 


Inspecting    (Cont^d) 

Fine 

Extra  Fine 

Jewelry  and  Watch  llanufacturing 

laundries   and  Dry   *^leaning 

Leather  Manufacturing 
Vats 


Cleaning,    ? 
ing 


aiming   and  Stretch- 


Cutting,    Fleshing  and   Stuf- 
fing 

Finishing   and   Scarfing 

Leather  Working 

Pressing  and   Winding 
Light 

Dark 

Grading  and  Matching,    Cut- 
ting,   Scarfing,   Sev/ing 
Light 

Dark 

Locker  Rooms 


15 

10-20 

10-50 

10-50 

8 

5-10 

3 

£-  4 

4 

3-  6 

6 

4-  8 

10 

6-12 

8 

5-10 

10 

6-12 

10 

6-12 

10-50 

4 

2-  4 
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Jatle  No.  1 Continued, 


Foot-Candles 

Re com-     Under   Some 
mended     Conditions 

Machine    Shops  ■" 

Rough.  Bench  Work  and  Ma- 
chine  Work  6  4-8 

Medium  Bench  and  Machine 
work,    Ordinary  Automatic 
Machines,    Rough  Grinding, 
Medium  Buffing  and  Polish- 
ing 


10  6-12 


Fine  Bench  and  Machine  V/ork, 
Fine  Automatic  Machines, 
Medium  Grinding,   Fine   Buf- 
fing  and  Polishing  12  8-16 

Extra  Fine   Bench  and  Machine   ■ 

Work,   Grinding    (fine  work)     10-50  .... 

Meat  Packing 

Slaughtering  5  3-   6 


Cleaning,    Cutting,    Cooking, 
Grinding,    Canring,   Pack- 
ing 


8  5-10 


Milling  and  Grain  Foods 

Cleaning,    Grinding-   or  Rol- 
ling 5'  3-    6 
Baking   or  Roasting                             8  5-10 

Packing 

Rough  4  2-6 

Medium  6  •             4-8 

Fine  10  6-12 


6 

4-  8 

5 

3-    8 

8 

5-10 

10 

6-12 

Ta"ble   ITo.  1 ContinuecL, 


J'oot -Candles 

Re  com-     Under  Some 
mended     Conditions 

Paint  T'anafacturing 

Paint   Shops 

Dipping,    Spraj'-ing,    Firing 

Rubting,    Ordinary  Pland  Pait- 
ing,    and  finishing 

Fine  Hand   Painting  §nd  Fin- 
ishing 

Extra  Fine  Hand   Painting 
and  Finishing    (Automobile 
Bodies,    Piano   Cases,    eto.)-      15  10-50 

Paper  Box  ]\'anuf acturing 
Light 

Bark 

Paper  llanufac taring 

Beaters,   Machine,   Grinding 

Calendering 

Finishing,    Cutting  and   Trim- 
ming 

Plating 

Polishing  and  Burnishing 


6 

4-   8 

8 

5-10 

4 

3-    6 

e 

4-   8 

8 

6-lE 

5 

3-    6 

8 

5-10 

Table   ITo.  1 Continued. 


Foot -Candles 

Re com-     Under   Some 
mended     Conditions 

Printing  Industries 

Matrixing   and   Casting, 
Miscellaneous  Machines, 
Presses  8  5-10 

Proof   Reading,    Lithographing, 

Electrot^rping  10  6-12 

Linotype,   Monotype,    Typeset- 
ting,   Imposing  Stone,   En- 
graving 10-50  .... 

Receving   and   Shipping  .  4  3-5 

RublDer  Manufacturing  and   Products 
Calenders,    Compounding  Mills, 
Fabric   Preparation, Stock 
Cutting,    Tubing  Machines,    Sol- 
id  Tire   Ope  rati  oi^,   Mechani- 
cal Coods  Building,   Vulcaniz- 
ing 8  5-10 

Bead  Binding,   Pneumatic   Tire 
Building,   and  i^lnishing, 
Inner  Tube   Operation,   Me- 
chanical  Goods   Trimming, 
Treading  10  6-12 
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TABLE  2    3PACI1IG-— IIOmiTING  HEIGHT 
3EM  A17D    TOTALLY  II^IRECT  LIGKTIIIG  UHITS,    ITo .   EE    to   IJo .   28 


Ceiling  Height 


PermissilDle  Dis- 
tance  Between 
Outlet  and   SicLe- 
wall  s 


AboYe 
Plane 
of   Work 

(H) 


AlDOTe 
i'loor 


(C) 


5 
6 

7^ 
8f 
9f 

lol 

7 

8 

9 

Hi 

le 

12  i 

11 

13} 

1^ 

14| 

IS 

15i 

14 

16| 

15 

17} 

16 

18} 

18 

20| 

21 

23} 

24 

26} 

27 

29* 

30 

32} 

35 

37} 

40 

42f 

Permissible 
Spacing  Dis- 
tance  Between 
Outlets 


(D) 


71 
9 

loi 

12 

13i 

15 

16i- 

18 

i9i 

21 

22i 

24 

27 

3li 

36 

40| 

45 

52| 

60 


In  Usual 
Locations 
V/here  Aisles 
&   Storage 
are  next  to 
Wall 
(W) 


4| 


5 
6 

6| 
7| 
8 
9 

9| 
lOi 
11 
12 
13} 
15i 
18 
20 
22i 
26 
30 


In  Of 
fices 
or  Where 
Vifork  Ben- 
ches are 
next  to 
Wall 
(W) 

2i 
s 

H 

4 

4i 

6 

5i 

6 

6i 

7 

7i 

8 

9 
lOi 
12 
131 
15 
17i 
20 


Suspen- 
sion Di  s- 
tance 
Ceiling 
to  Top 
of  Re- 
flector 
(R) 

n 

ll 
2 

H 

21 
3 

3} 

3| 

4 

4| 

5i 

^f 

84. 
10 


■^a 


TABLE  S   SPACING-— JJOUIITIKG   HEIGHT 

Direct  Lighting  Units,    Including  Semi-enclosing 
and  Totally  Enclosing  Units,    T'To,.l   to   iTo,   21, 


lloxinti  ng 

Height 

PECTfiissible  D: 

Lstance   Be- 

of  Unit 

Permissible 

tween   Outlets 

and 

.   Sidev;alls 

Distance 

At  ove 

Above 

Between 

In  Usual 

In 

Offices 

Plane 

Floor 

Outlets 

Locati  ons 

or 

Where  7/ork 

of  '.York 

(F) 

(D) 

Where  Aisles 

Benches  are 

(H) 

3:   Storage   are 

ITezt  to  '.'/all 

Next  to  Wall 

(W) 

(W) 

4 

6i 

6 

3 

2 

5 

9| 

7-1 

3| 

4i 

2i 

6 

9 

3 

7 

lOi 

5 

3| 

8 

lOl 

12 

6 

4 

9 

llf 
121 
13t 
14| 

13i 

n 

4i 

10 

15 

5 

11 

16i 

8 

5i 

12 

18 

9 

6 

13 

15} 

•  16f 

17f 

18-1 

19i 

loi 

61 

14 

21 

7 

15 

22i 

11 

7| 

16 

24 

12 

8 

18 

20i 
22t 
24i 

27 

13-1- 

8 

20 

30 

15 

10 

22 

33 

16i 

11 

24 

26| 
29l 
32 1 
37| 
42| 

36 

18 

12 

27 

40i 

20 

13-1 

30 

45 

.22i 

15 

35 

52i 

26 

17i 

40 

60 

30 

20 

-^^ 


AUDITORIIBIS, 

Auditoriums,    churches   and  ball   rooms 
are    often  lighted  by  means    of   indirect   fix- 
tures with  excellent    results.  Upon  the 
other   hand,    direct  methods  are   recognized 
as  "being  quite  capable   of  giving   good   ser- 
vice in  many  cases,.          Direct  methods   are 
apt  to  give  a  glare,  which  is    to  be   guard- 
ed against-.      This   feature  may  be    corrected 
by  using   suitable    glassware,  which,    of 
course,    cuts  dovm  the   efficiency  very  ma- 
terially.           Another  means    employed  to 
give  the  same   results  is   to   sub-divide   the 
source   of  light    into   numerous    small  units 
and  distribute   them  well,    still  properly 
shaded.      The    use   of   a  fixture  vdth  several 
lamps,    rather  than  a   one-lamp   fixture,   ac- 
complishes  this    result    in  a   limited  way. 


To  go  to  the   extreme    of   providing   an 
enormous    center  cliandelier  is   a  reversal 
of  results  and   bad  glare    occurs,     ',7hen 
dependence   is   put    on  multiplicity   of 
lamps,    they  should   he  well   scattered 
and   l«pt   high.  This   sub -division 

introduces  another  desirable  possibility. 

In  many  cases  it  is  better  to  ar- 
range circuits  so  that  a  reduced  number 
of  lights  may  be  used  for  a  part  of  the 
evening.  In  churches   this   provides 

relief  during  the    sermon.  In  lodge 

rooms,    certain  parts   of   the  rituals  need 
low   intensity  lighting.  Theater  light- 

ing is  less  annoying,    if  it    can  be   brought 
on  in   sections. 

The    center  chandelier  is   not   to  be 
universally   condemned  for  the    auditorium. 


Naturally,    occupants  of  balconies  are 
very  apt   to   be    disturbed  and  inconvenienced 
by  it,    but   some    ceilings  are   so   high  that 
it    is    q.uite  possible  to   hang  a   central 
fixture  well  above   the  field    of  vision 
even  of  those   in  the  back  seats. 
The  decorative  features  of    tiiis  unit  make 
its   choice  not   at   all  infreo^nent ,  Few 

situations    exist,    however,   where "the   mere 
•  illujni nation  needs  would  not  be  very  con- 
siderably better  served  by  other  methods. 

The   indirect  lighting,    of  which  men- 
tion has  been  made,    is  provided  by  central 
large   unit    fixtures,    alone,    or  aided  by 
cove     lighting.  Sometimes  the   latter  is 

relied  upon  for  the  whole    of   the   illumina- 
tion. One    of  the   first   striking-   exam- 
ples  of  indirect  lighting  from  side  sources 


to  "be    installed  was  that    of   the   railroad 
station  in  Washing- ton,    D.   C.  The    ef- 

fect  is   good  and  at   the    same   time   rather 
striking.  For  narrow  rooms,    cove 

lifting  is   q.uite   practical.  It  looks 

well  with  arched  ceilings,  provided  the 
light  is  not  thrown  upon  the  ceiling  in 
blotches.  If  large  hov/ls   are  sus- 

pended in  the   center   of  the   room,    they 
may  "be   provided  v/ith  low  power  lamps 
between  the   semi-transparent   bowl  and 
the    high  efficiency  reflectors   con- 
cealed within.  This   keeps   the  bowl 
from  appearing  so   dark  against  a  well 
illuminated   ceiling.  The    same    pur- 
pose   can  be  accomplished  by  finishing 
the   outsile   of  the   bowL   in  white   or  old 
ivory.          The  general  diffusion  of  light 


then  illuminates  this    bowl   enough  to 
cause  it    to  appear  well  lighted. 

High   efficiency  reflectors   should 
be   used   for  all   this   indirect   service 
and  provision  must  be  made  for   cleaning 
the    reflectors   frequently.  This 

statement   includes  the    central   fixture, 
which  may  be   lowered  by  windlass  . 

An  alternative,    more    or  less  par- 
taking   of    each  of  the  above  methods, 
may  be    had  by  putting   high   candle-power 
lamps  in  a   chamber  above   the    diffusing 
glass   ceiling    of  the   room.  This   gives 

a  low  intensity  source,   as   seen,    provided 
the    ceiling  does  not  show  spotted  because 
of  low- hung  lamps  or   too  concentrating 
reflectors.  Sometimes  the   chamber  it- 

self  is   painted  v;Mte  and   allowed  to    take 
much  of  the  burden   of  diffusion. 


*  The   architecture    of  the    room  must 

"be    studied  in  the   design   of  the   lighting 
system  and  the   choice   of  units.  Ornate 

interiors  must  be   furnished  with  similar 
fixtures,   plain  lines   of   architecture 
with  similar  fixture  design. 

Special    effects   are  often  recuired. 
For  example,    in  lighting  ritualistic 
churches,    the   symholic  uses   to  which  lights 
are  put   play  some  part.  The    sanctuary, 

with  its  altar,    needs  special  treatment, 
as  do    the    choir  stalls,   reading  desks,    ttc. 
A   chancel   arch  offers   a  suitable  frame    for 
support  and  concealment   of  some   lamps 
illuminating  this    part   of  .the   church. 

A  church  was  studied  and  a  great 
many  readings  taken  to   determine   the    con- 
ditions. These    tests   showed  that  the 


average   intensiiy  was   a  trifle    less  than 
Ig  foot -candles.  This  value    is  poor 

for  a  huili^i  ng  of   that  type.  There 

were  no  special   fixtures  for  the   organ 
and   the    intensity  was   less  than  f-  of  a 
foot-candle,  with   the   additional  disad- 
vantage that  the    organist   cast   a  shadow 
upon  the  music  "board.  The   church 

was  erected  fourteen  years  ago,   and   the 
lighting   installation  was  made  at   that 
time.  The  walls  and   ceiling  are   of 

a  light  gray  "body,   trimmed  with  white.' 
This  was   of   a  flat  finish  and  xvell   toept , 
This   surface  gives   a  very  good   factor   of 
utilization  aid  provides  a  very  good  dif- 
fusing surface.  The   fixtures  were   of 
the   glofee  type   and  mounted   as  showi   in 

the  blue  print.  The   lamps  were    all 

<r6 


l^azda  type   "B"  ,   and  several   different 
sizes  used   in  the  v/all   "brackets  alone. 
The    "burnouts   in  ceiling   fixtures  were 
well   talcen   care  of.  The    design   of 

an    entirely  new   system  v/ould   "be    a  very 
difficult  pro"blem,    "because    of  the    style 
of   architecture,   and  ths    inaccessibility 
of  the   fixtures  v/ould   nB'ke    the   maintenance 
difficult. 

An  installation  of   semi-indirect 
fixtures  would   "be    a  satisfactory   and   ef- 
ficient   remedy.  This   type   of  unit, 
however,    reouires   frequent    cleaning  in 
order  to    retain  its   efficiency.  In  or- 
der  to  maintain  a  s^/stem   of  this   type 
properly,   traps   or   openings  would  "be    re- 
q.uired  at  each  fixture,   from  which  a  v/ork- 

man   could  easily  clean  the   glassware. 

o~7 


If  conTeniences   of  this   sort  could   not 
be   installed,    large  ladders   .vould  have  to 
"be    used  or  scaffolding   erected  frequently, 
The   installation  of  this    complete  system 
would  prove  expensive  and   churches   are 
not   usually  prepared  for   expenses   of  this 
Mnd» 

Inasmuch  as   this  was  the  case   at 
this   church,   an   immediate   and    cheaper 
remedy  was   suggested.  The  lamps  in 

the    ceiling  fixtures  were   to   he    changed 
from  100  watt   "B"   lamps  to  EOO  watt   "C" 
lamps  and    the  v/all  fixtures   fitted  with 
10  watt   or  E5  watt   "G"   lamps,   "because 
tests   showed  that  they  had  very  little 
effect  upon  the  general   illmni nation. 
It  was  also   suggested   that    a  small 
installation   of  cove  lights   should  be 
made   in  the    organ  balcony.  These 


ciianges,   when  made,   will  "bring  the 
intensity  up  to   at  out    5  foot- candle s , 
tut  would,  "by  no  means,    "be    ideal. 
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